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hotoreceptors are present in all kingdoms of life. They fulfill a broad range of functions, including vision, photoprotection, and regulating growth and development (1) . To maintain photosensitivity, photoreceptor-mediated signaling must be turned on and off in a timely fashion. For example, the signaling state of human visual rhodopsins is very short-lived, and patients with defective rhodopsin inactivation suffer from severe dark adaptation problems, illustrating the importance of inactivation mechanisms (2) . On page 343 of this issue, Wang et al. (3) report a mechanism of controlling the signaling activity of a family of photoreceptors in plants. They show that cryptochromes are activated through blue light-induced homodimerization. This dimerization and all subsequent signaling events are blocked by the interaction between light-activated cryptochrome and a protein coined BLUE-LIGHT INHIBITOR OF CRYPTOCHROMES 1 (BIC1) (3). This system is proposed to control the fraction of cryptochrome photoreceptors engaged in cellular signaling, contributing to the maintenance of photosensitivity.
In figure) . Light-regulated dimerization has also been reported in several members of another blue light-photoreceptor family. LOV (light oxygen voltage) domain photoreceptors exist in plants, fungi, algae, and numerous prokaryotes. The photosensory LOV domains combine with various output domains, including protein kinase domains or DNA-binding domains. Light activation leads to dimerization of several "LOV-DNA binding domain" photoreceptors, enhancing photoreceptor affinity to target sequences (9-11). Interestingly, light triggers LOV-mediated homodimerization of the fungal white collar complex (WCC) photoreceptor, a circadian transcription factor. This induces VIVID, a negative regulator that interferes with WCC activity by forming competing heterodimers with WCC (11). However, light-induced dimerization is not a prerequisite for all LOV domain photoreceptors (12) , and whether this happens for plant LOV domain photoreceptors such as the phototropins and ZEITLUPE remains unknown.
The ultraviolet B (UV-B)-photoreceptor UVR8 presents another example of regulation of the oligomeric state by light. In its ground state, UVR8 is a homodimer, and UV-B absorption leads to photoreceptor monomerization, a conformer that engages in subsequent signaling events through proteinprotein interactions (13 Normally, such diffraction experiments have been conducted with higher-energy electrons, as realized by Zewail and co-workers (2), or more recently with hard x-rays at free-electron laser facilities (3). However, the approach taken by Wolter et al. is more akin to diffraction of a photoelectron (4) that occurs entirely within the ionized molecule. The time resolution is incorporated by using the laser field as the clock to trigger and time both the chemical reaction and the photoelectron probe. By examining the far-field pattern of this self-diffraction over a specified energy window, an effective shutter speed (the time window over which the molecular scattering is recorded to form a snapshot) as low as 0.6 fs has been accomplished.
To see how this ultrahigh-speed imaging is possible, it is critical to understand the principles behind the conventional pumpprobe experiments that ushered in the era of femtochemistry (5) . In such a scheme, one short pulse (the "pump") is first used to initiate the chemical process and is followed by another short pulse (the "probe") interrogating its evolution. Making a molecular movie that encompasses the entire process requires the events to be reconstructed over different delays. However, the initiation must be abrupt, and good synchronization between the pump and probe pulses must be maintained within the desired time resolution, to
Follow the fragments
Wolter et al.'s performed femtosecond imaging of an acetylene molecule ionizing it twice to form two fragments, HCC+ and H+ and breaks a C-H bond. This event is captured 9 fs after ionization by recording the far-field diffraction patterns produced by the emerging photoelectron waves with 0.6-fs time resolution. ensures the presence of a pool of dimericinactive UV-B photoreceptors, which is probably essential to maintain UV-B sensitivity. The discovery of BIC1 and -2 as key regulators of the cryptochromes presents interesting analogies and differences with the UVR8-RUP system. By inhibiting cryptochrome dimerization, BICs prevent all subsequent signaling events (3) . Given that expression of BIC1 and -2 is attenuated in cryptochrome mutants, there is also some evidence for a possible negative feedback loop coupling cryptochrome activation to the production of its negative regulators.
Light regulation of the oligomeric state and the regulation of this process by accessory proteins is crucial for the plant photoreceptors UVR8 and cryptochromes. Interestingly, in the former, monomers signal, whereas in the latter, homodimers do. Understanding how BIC expression and activity is regulated in vivo will be important to understand how the cryptochrome off-switch is wired, particularly whether it represents a node of cryptochrome signaling regulation modified by other environmental cues. It will also be exciting to learn about the exact mechanism of BIC action; in particular, are they primarily preventing dimerization by interacting with cryptochrome monomers or promoting the return to a monomeric state, or both? Outside of plants, the discovery of BIC1 may lead to further developments in the use of cryptochromes for optogenetics. Last, it will be interesting to test the evolutionary conservation of this newly discovered regulation of the active dimer state for animal cryptochrome activity. j
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An acetylene molecule (carbon in gray and hydrogen in blue) is optically aligned and then driven into a highly excited state through intense laser felds (red).
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The optical cycle (period T ~11 fs of the incoming laser feld) is used as a clock. Highintensity laser
